X-ray absorption fine structure (XAFS) measurement has already been established as a spectral technique for analyzing local structures and electronic states. The local structure and electronic states of elements in a compound can be selectively obtained by observing the XAFS spectra at the inner-shell absorption-edge energy intrinsic to each element. This is known as "element selectivity".
In spite of the advantage of the element selectivity, the XAFS measurement is not always useful in recent material science. Recent material science deals with heterogeneous samples with technologically important nano structures, e.g., atomically controlled surface, hetero interface, and quantum structures. The XAFS measurement of the heterogeneous sample indicates a convoluted spectrum of all local structures and electronic states, resulting in little information about specific sites in the sample. For the XAFS measurement of the heterogeneous samples, both the "element selectivity" and "site selectivity" are necessary.
For the site selectivity of nano structures, a new XAFS measurement technique in which x-ray induced photoionization of nano structures is probed with capacitance (C) or electrostatic force (EF) is proposed.
In most cases, nano structures valuable for idustrial applications have localized electrons. Therefore, we deal with electron transition of the localized electrons induced by x-ray irradiation. Figure 1 (a) shows schematically the expected photoionization processes occurring at nano structures with the localized electrons. The x-ray absorption excites inner-shell electrons. The resulting hot core-hole is unstable and is rapidly filled by an outer-shell or valence electron typically within ~fs time scale. This core hole filling process may involve electron transfer from the localized state, leaving an ionized state which equilibrates only slowly its surroundings, i.e. the lifetime of this charge may be in the ms range or longer. These ionized electronic states can be detected by C/EF, and the dependence of C/EF on x-ray photon energy indicates the XAFS spectrum of this site. On the other hand, at the other sites without the localized electrons, the core-hole is rapidly occupied by a de-localized valence state electrons ((2') in Fig.  1(b) ). After this rapid relaxation process, since the final electronic state of the atom is indistinguishable from the initial state before the x-ray absorption, the atom remains charge neutral on any time scale resolvable by C/F detectors and cannot be sensed with C/EF; C/EF is insensitive to these non-nano structures.
We observed the modulation of C and EF with a parallel plate capacitor and electrostatic force microscopy (X-EFM). Demonstrated samples were Cu metal and chemically deposited Si oxide film. The C modulation dependent on x-ray photon energy provided an electronic state of Cu/Cu 2 O(Native oxide) interface of the Cu metal sample. The detailed results of Cu metal sample are discussed in the original paper. So, we briefly summarize the result of X-EFM.
The X-EFM system was installed on beamline MPW 6.1 at the Synchrotron Radiation Source (SRS) in Daresbury Laboratory, United Kingdom. In addition to the site selectivity of nano structures, X-EFM can confine the observing area in nano meter scale. It would be attractive for analyses of recent semiconductor devices. The sample was ultra-thin chemical oxide on a (100)-oriented p-type Si wafer. This system is very important for nano-scale Si transistors with an atomically controlled gate layer.
The electrostatic force depended on the x-ray photon energy; X-EFM spectrum correspondent with XAFS of an electron trapping center in the chemical oxide was obtained. The X-EFM spectrum tend to lose the absorption structure observed for SiO 2 . Such structure loss has been found in the conventional XAFS spectra of SiO x (x<2). By using this structure loss, we can realize stoichiometry mapping of the chemical oxide film. Figure 2(a) indicates the stoichiometry mapping. In this experiment, the photon energy was fixed at 115 eV above the Si L absorption-edge energy. The signal intensity corresponds with O content. From the comparison of chemical image with corresponding topographic image ( Fig. 2(b) ), it can be found that the oxidation of Si is progressed at a plateau on the oxide film. The nano-scale spatial resolution involved in X-EFM is useful for nano structure analyses.
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